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7N § Key limitations of the available epidemiological studies on pesticides

a2 3L Limitations identified by the authors of the EFSA external
3 scientific report

944 The EFSA External scientific report (Ntzani et al., 2013, summarized in Annex A) identified a plethora
945 of epidemiological studies which investigate diverse health outcomes. In an effort to systematically
%6 appraise the epidemiological evidence, a number of methodological limitations were highlighted
uU7 including the lack of direct exposure assessment, use of generic pesticide definitions, multiple testing,
948 and heterogeneity of data. In the presence of these limitations, robust conclusions on causality based
99 on epidemiological evidence alone could not be drawn, but outcomes for which supportive evidence
950 from epidemiology existed were highlighted for future investigation. The main limitations identified
951 included:

952 Weak study designs: Lack of prospective studies and frequent use of study designs that are
953 prone to bias (recall bias and reverse causation for case-control and cross-sectional studies).
954 In addition, many of the studies conducted appeared to be insufficiently powered.

955 Lack of detailed exposure assessment, including lack of appropriate biomarkers. Instead many
956 studies relied on broad definition of exposure assessed through questionnaires (often not
957 validated). There was often also lack of information on specific pesticide exposure and co-
958 exposures.

959 Deficiencies in outcome assessment (broad outcome definitions and use of self-reported
%0 outcomes or surrogate outcomes).

9%61 Deficiencies in reporting and analysis (interpretation of effect estimates, confounder control
962 and multiple testing).

963 Selective reporting, publication bias and other biases (e.g. conflict of interest) were likely to be
964 prevalent in this literature.

965 In many cases the quality of the studies was suboptimal, and for many health outcomes too few
966 studies were available. The observed heterogeneity in the results within each studied outcome was
%67 often large. However, heterogeneity is not always a result of biases and may be genuine and
%68 consideration of a priori defined subgroup analysis and meta-regression should be part of evidence

969 synthesis efforts. Occupational studies, which are of particular importance to pesticide exposure, are
970 also vulnerable to the healthy worker effect, a bias resulting in lower morbidity and mortality rates
971 within the workforce than in the general population. The healthy worker effect tends to decline with
972 age of the population under study.

973 Good-quality studies with sufficient statistical power, detailed definition of pesticide exposure and
974 transparent reporting are rare. Apart from the Agricultural Health Study, there were no other large
975 studies with good quality data for many study outcomes. It is important to note that several of these
976 methodological limitations have not been limited to pesticide exposure studies and, most importantly,
977 are not specific in epidemioclogy and have been observed in other specific fields including in animal
978 studies (Tsilidis et al., 2013).

979 Given the wide range of pesticides with various definitions in the EFSA External scientific report, it is
difficult to harmonise this information across studies. Although heterogeneity of findings across studies
can be as informative as homogeneity, information needs to be harmonised such that replication can be
assessed and summary effect sizes be calculated. This does not mean that if there is genuine
heterogeneity the different studies cannot be pooled. Limited conclusions can be made from a single
study. Nonetheless, the report highlighted a number of associations between pesticides and health
effects that merit further consideration and investigation. Of interest is the fact that a considerable
proportion of the published literature focused on pesticides no longer approved for use in the EU and in
most developed countries e.g., studies focusing solely on DDT and its metabolites constituted almost
10% of the eligible studies (Ntzani et al., 2013). These may still be appropriate since they may persist
989 as pesticide residues or because they continue to be used in developing countries. Also, the report
90 focused on epidemiological evidence in relation to any health outcome across a 5-year window.
991 Although the report is valuable in describing the field of epidemiological assessment of pesticide-
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992 health associations, it is not able to answer specific disease-pesticide questions thoroughly. A more in-
993 depth analysis of specific disease endpoints associated with pesticides exposure is needed where this
994 information is available and studies published earlier than the 5-year window should be also included.

o 3.2 Limitations in study designs

P6 For ethical reasons randomized controlled trials are not generally allowed to test the safety of low dose

997 pesticide exposure in the EU. Therefore, information on potential adverse health consequences in

w8 humans has to be extracted using observational studies. Ideally such studies should be prospective

999 and designed so that the temporal separation between the exposure and the disease outcome is
1000 appropriate with respect to the time it takes to develop the disease. For outcomes such as cancer or
1001 cardiovascular diseases, which often have a long latency period (>10 years), exposure should be
1002 assessed more than once prior to the outcome assessment. Exposure at one time point may not
1003 accurately reflect long-term exposure. The problem is that the disease may not have been identified at
1004 the time of the exposure assessment so reverse causality is a problem. For this reason, sometimes the
1005 outcomes identified during the first 2 years of follow-up need to be excluded. For other outcomes with
1006 a shorter latency period such as immune function disturbances the appropriate temporal separation
1007 may be in the range of days or weeks and a single exposure assessment may be adequate. In short,
1008 the ideal design of a study depends on the latency period for the outcome under consideration. The
1009 expected latency period then determines both the length of follow-up and the frequency for which the
1010 exposure has to be quantified. Failure to consider these issues when designing a study means that the
1011 exposure and outcome cannot be reliably linked.

1012 Among the 795 studies reviewed in the Ntzani report 38% were case-control studies and 32% cross-
1013 sectional studies. As a result, evidence on potential adverse health consequences of pesticide exposure
1014 is largely based on studies that have sub-optimal design, at least for outcomes that have long latency
1015 periods. For the cross-sectional studies, directionality cannot be assessed and observed associations
1016 may often reflect reverse causation (is the disease caused by the exposure, or does the disease
1017 influence the exposure?). However for pesticides reverse causation could be observed.

1018 Although case-control studies are frequently used for rare outcomes, such as several cancers, their
1019 main limitation is that they are prone to recall bias and they have to rely on retrospective assessment
1020 of exposure. Alone, case-control studies generally provide rather weak evidence, but they can still
1021 provide useful information, especially for rare outcomes. It is important to examine whether results
1022 from case control and prospective studies converge. This was for example the case amongst studies
1023 that were conducted to examine associations between intake of trans-fatty acids and cardiovascular
1024 disease (EFSA 2004), where both case-control and prospective studies consistently reported positive
1025 associations. The effect estimates between the two study desighs were systematically different with
1026 prospective studies reporting more modest effect sizes but both study designs reached similar
1027 conclusions.

1028 3.3. Relevance of study populations

1029 Because the environmentally relevant doses of pesticides to which individuals are exposed are lower
1030 than those required to induce observed toxicity in animal models, the associated toxic effects need to
1031 be understood in the context of vulnerable subpopulations. This is the case of genetic susceptibility,
1032 which represents a critical factor for risk assessment that should be accounted for (Gémez-Martin et
1033 al., 2015).

1034 One other subgroup of population of special interest are represented by children, because their
1035 metabolism, physiology, diet and exposure patterns to environmental chemicals differ from those of
1036 adults and can make them more susceptible to their harmful effects. The window(s) of biologic
1037 susceptibility remain unknown for the most part, and would be expected to vary by mechanism. Those
1038 subgroups are currently considered during the risk assessment process but may deserve more
1039 attention to provide additional protection.
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1040 34 Challenges in exposure assessment

1041 Other limitations of epidemiological studies conducted on pesticides derive from uncertainty in
1042 exposure assessment. This represents a major limitation of studies on pesticides. Their specific
1043 limitations include the fact that most currently approved pesticides tend to have short elimination half-
1044 lives and that their use involves application of various formulations depending on the crop and season.
1045 As a result, accurate assessment needs to capture intermittent long-term exposure of these non-
1046 persistent chemicals as well as being able to quantify exposure to individual pesticides.

1047 Numerous studies have assessed internal exposure by measuring urinary non-active metabolites
1048 common for a large group of pesticides (for example dialkyl phosphates for organophosphates, 3-
1049 phenoxybenzoic acid for pyrethroids or 6-chloronicotinic acid for neonicotinoids). These data may
1050 create uncertainty and should not be utilized to infer any risk because: a) a fraction of these
1051 metabolites might reflect direct exposure through ingestion of preformed metabolites from food and
1052 other sources, rather than ingestion of the parent compound; and b) the potency of the different
1053 parent pesticides can vary by orders of magnitude. Thereby, HBM data based on those urine
1054 metabolites can be unhelpful unless they are paired with other data indicating the actual pesticide
1055 exposure,

1056 Ideally exposure should be quantified on an individual level using biomarkers of internal dose. As most
1057 available biomarkers reflect short term (few hours or days) exposure and given the cost and difficulty
1058 of collecting multiple samples over time, many studies quantify exposure in terms of external dose.
1059 Quantitative estimation of external dose needs to account for both frequency and duration of exposure
1060 and should preferably be done on an individual but no group level. Often external exposure is
1061 quantified using proxy measures such as:

1062 = subject- or relative-reported jobs, job titles, tasks or other lifestyle habits which are being
1063 associated with the potential exposure to or actual use of pesticides in general and/or

1064 = handling of a specific product or set of products and potential exposure to these as

1065 documented through existing pesticide records or diaries or estimated from crops grown;
1066 « environmental data: environmental pesticide monitoring e.g. in water, distance from and/or
1067 duration of residence in a particular geographical area considered to be a site of exposure;
1068 In many cases these proxy measures are recorded with use of guestionnaires, which can be either
1069 interviewer-administered or based on self-report. The limitation here is that questionnaire data often
1070 rely on individual recall and knowledge and are thus potentially subject to both recall bias and bias
1071 introduced by the interviewer or study subjects. These sources of uncertainty can to some extent be

1072 guantified if the questionnaires are validated against biomarkers (that is, to what extent do individual
1073 questions predict biomarker concentrations in a sub-sample of participants). If the exposure is
1074 assessed retrospectively the accuracy of the recall is for obvious reasons more likely to be
1075 compromised and impossible to validate. When exposure is based on records, similar difficulties may
1076 occur due to e.g. incomplete or inaccurate records.

1077 In many previous studies, duration of exposure is often used as a surrogate of cumulative exposure,
1078 assuming that exposure is uniform and continuous over time (e.g. the employment period) but this
1079 assumption must be challenged for pesticides. Although for some chemicals the exposure patterns may
1080 be fairly constant, exposures for many pesticides will vary with season, by personal protective
1081 equipment, and by work practices, and in many cases uses are not highly repetitive. At an individual
1082 level, exposures can vary on a daily and even hourly basis, and often involve several pesticides. This
1083 temporal variability can result in particularly high variation in systemic exposures for pesticides with
1084 short biological half-lives and considerable uncertainty in extrapolating single or few measurements to
1085 individual exposures over a longer term. Hence, many repeated measurements over time may be
1086 required to improve exposure estimates.

1087  3.5. Inappropriate or non-validated surrogates of health outcomes

1088 Reliance on clinically manifested outcomes can increase the likelihood that individuals who have
1089 progressed along the toxicodynamic continuum from exposure to disease but have not yet reached an
1090 overt clinical disease state will be misclassified as not having the disease (Nachman et al., 2011).
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1091 Thereby, delay in onset of clinical symptoms following exposure may cause underreporting where
1092 clinical assessment alone is used at an inappropriate point in time.

1093 Surrogate outcomes may seem an attractive alternative to clinically relevant outcomes since there may
1094 be various surrogates for the same disease and they may occur sooner and/or be easier to assess,
1095 thereby shortening the time to diagnosis. A valid surrogate endpoint must however be predictive of the
1096 causal relationship and accurately predict the outcome of interest. Although surrogate markers may
1097 correlate with an outcome, they may not capture the effect of a factor on the outcome. This may be
1098 because the surrogate may not be causally or strongly related to the clinical outcome, but only a
1099 concomitant factor, and thus may not be predictive of the clinical outcome. The validity of surrogate
1100 outcomes may thus represent a major limitation to their use (la Cour et al., 2010).

1101 Surrogate endpoints should thus be avoided unless they have been validated. Some criteria to assess
1102 the validity of a surrogate outcome include:

1103 the surrogate has been shown to be in the causal pathway of the disease. This can be
1104 supported by the following evidence: correlation of biomarker response to pathology and
1105 improved performance relative to other biomarkers; biological understanding and relevance to
1106 toxicity (mechanism of response); consistent response across mechanistically different
1107 compounds and similar response across sex, strain and species; presence of dose-response
1108 and temporal relationship to the magnitude of response; specificity of response to toxicity;
1109 that is, the biomarker should not reflect the response to toxicities in other tissues, or to
1110 physiological effects without toxicity in the target organ.

111 at least one well conducted trial using both the surrogate and true outcome (Grimes and
1112 Schulz, 2005; la Cour et al., 2010). Several statistical methods are used to assess these
1113 criteria and if they are fulfilled the validity of the surrogate is increased. However, many times
1114 some uncertainty remains, making it difficult to apply surrogates in epidemiological studies (la
1115 Cour et al., 2010).

116 3.6, Statistical analyses and interpretation of results

1117 The statistical analyses and the interpretation of scientific findings that appear in the epidemiologic
1118 literature on the relationship between pesticides and health outcomes do not substantially deviate
1119 from those reported in other fields of epidemioclogic research. Therefore, the advantages and
1120 limitations of epidemioclogic studies presented in section 2.5 also apply to the epidemiologic studies

1121 on pesticides.

122 The few distinctive features of the epidemiologic studies on pesticides include the following: a) sparse
1123 use of appropriate statistical analyses in the presence of measurement errors when assessing exposure
1124 to pesticides and b) paucity of information on other important factors that may affect the exposure-
1125 health relationship. These features are expanded on in the following paragraphs.

1126 a) Statistical analyses in the presence of measurement errors

1127 The difficulties inherent in correctly measuring exposure are frequent in many areas of epidemiologic
1128 research, such as nutritional epidemiology and environmental epidemiology. It is not easy to gauge
1129 the short- and long-term exposure outside controlled laboratory experimental settings. In large
1130 populations, individuals are exposed to a variety of different agents in a variety of different forms for
1131 varying durations and with varying intensities.

1132 Unlike nutritional or environmental epidemiology, however, pesticide epidemiology has so far made
1133 little use of statistical analyses that would appropriately incorporate measurement errors, despite their
1134 wide availability and sizable literature on the topic. A direct consequence of this is that the inferential
1135 conclusions may not have been as accurate and as precise as they could have been if these statistical
1136 methods were utilized (Bengston et al., 2016; Dionisio et al., 2016; Spiegelman, 2016).

1137 b) Information on other important factors of interest
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1138 Identifying and measuring the other relevant factors that might affect an outcome of interest is a
1139 recurrent and crucial issue in all fields of science. For example, knowing that a drug effectively cures a
1140 disease on average may not suffice if such drug is indeed harmful to children or pregnant women.
1141 Whether or not age, pregnancy, and other characteristics affect the efficacy of a drug is an essential
1142 piece of information to doctors, patients, drug manufacturers, and drug-approval agencies alike.

1143 Pesticide epidemiology provides an opportunity for careful identification, accurate measuring and
1144 thorough assessment of possible relevant factors and their role in the exposure-health relationship.
1145 Most often, relevant factors have been screened as potential confounders. When confounding effects
1146 were detected, these needed to be adjusted for in the statistical analyses. This has left room for
1147 further investigations that would shed light on this important issue by reconsidering data that have
1148 already been collected and that may be collected in future studies. The statistical methods in the
1149 pesticide literature have been mainly restricted to standard applications of basic regression analyses,
1150 such as binary probability and hazard regression models. Potentially useful analytical approaches, such
1151 as propensity score matching, mediation analyses, and causal inference, does not seem to have been
1152 applied in pesticide epidemiology yet (Imbens and Rubin, 2015).

1153
1154 4 Proposals for refinement to future epidemiological studies for
1155 pesticide risk assessment

1156 This chapter is aimed at addressing methods for assessment of available studies and proposals for
1157 improvement of such studies.

1158 Most of the existing epidemiological studies on pesticides exposure and health effects suffer from a
1159 range of methodological limitations or deficiencies. Epidemiological studies would ideally generate
1160 semi-quantitative data or be able to have greater relevance to quantitative risk assessment with
1161 respect to the output from prediction models. This would allow epidemiological results to be
1162 expressed in terms more comparable to the guantitative risk assessments, which are more typically
1163 used in evaluating the risks of pesticides. The question arises how such epidemiological data could be
1164 considered for risk assessment when judged in comparison to the predictive models. A precisely
1165 measured quantitative dose-response relationship is presently extremely rarely attainable as a result
1166 of epidemiological studies.

1167 The quality, reliability and relevance of the epidemiological evidence in relation to pesticide exposure
1168 and health effects can be enhanced by improving (a) the quality of each individual study and (b) the
1169 assessment of the combined evidence accrued from all available studies.

1170 4.1. Assessing and reporting the quality of epidemiological studies

1171 The quality and relevance of epidemiologic research should be considered when selecting
172 epidemiological studies from the literature for use in risk assessment. The quality of this research can
1173 be enhanced by (Hernandez et al., 2016; US-EPA, 2012):

1174 a) an adequate assessment of exposure, preferentially biomarker concentrations at individual level
1175 reported in a way which will allow for a dose-response assessment;

1176 b) a reasonably valid and reliable outcome assessment (well defined clinical entities or validated
177 surrogates);

1178 ¢) an adequate accounting for potentially confounding variables (including exposure to multiple
1179 chemicals); and

1180 d) the conduct and reporting of subgroup analysis (e.g., stratification by gender, age, ethnicity).
1181

1182 It is widely accepted that biomedical research is subject to and suffers from diverse biases. Chalmers
1183 and Glasziou (2009) have estimated that approximately 85% of research investment in this area is
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